INTRODUCTION

43
Plant viruses have been widely used as vectors for foreign gene expression and virus-44 induced gene silencing (VIGS) Purkayastha and Dasgupta, 45 2009; Becker, 2015 , Brome mosaic virus 55 (BMV) , Cymbidium mosaic virus (CymMV) , Rice tungro 56 bacilliform virus (RTBV) , Bamboo mosaic virus (BaMV) together with 57 its associated satellite RNA , and most recently Cucumber mosaic virus (CMV) 58 . Among these, the BMV and CMV vectors have the ability to infect and 59 induce gene silencing in maize (Zea mays L.) Wang et al., 60 2016). There have been relatively few studies published on the application of BMV VIGS in 61 maize van der Linde et al., 2011; van der Linde and Doehlemann, 2013) 62 suggesting that it has not been widely adopted for maize gene function analyses. The CMV 63 vector was just recently published, and so there are not additional studies regarding its 64 functional genomics applications in maize. 4 contains five open reading frames (ORF) . ORF1 encodes the RNA 72 dependent RNA polymerase (RdRp), which is necessary for viral RNA replication and 73 subgenomic messenger RNA (sgRNA) synthesis ). The overlapping ORFs 2, 3, 74 and 4 are known as the triple gene block (TGB), and they are expressed from sgRNA1 and 75 sgRNA2 . The TGB proteins have functions that are critical for virus 76 movement and suppression of host defense . The final ORF, ORF5, is 77 expressed from sgRNA3 and encodes the only structural protein, the coat protein (CP), that is 78 indispensable for virus assembly and cell-to-cell movement . Importantly, viral 79 vectors based on PVX have been developed for both gene expression and VIGS purposes, and 80 they have facilitated functional genomics research in PVX host plants (Sablowski et al., 1995;  81 .
83
The full length genomic sequence of FoMV was first reported in 1991 . 84 Later, an RNA-based full-length infectious clone was constructed and a revised genome was 85 published (Robertson et al., 2001; . Similar to PVX, the FoMV 86 genome contains five ORFs that include ORF1 expressed from the genomic RNA; ORFs 2, 3, and 87 4 expressed from sgRNA1 and sgRNA2; and ORF5 expressed from sgRNA3. One significant 88 difference in the genome organization of the two viruses is that FoMV has a unique ORF5A that 89 initiates 143 nucleotides upstream of the CP. The 5A protein is produced in vivo, but it is not 90 required for replication or for systemic infection of plants . Previously, 91 the FoMV infectious clone has been adapted as a transient gene expression vector by 92 substitution of the TGB or CP gene with target genes 
RESULTS
107
Construction of Infectious FoMV cDNA Clones
108
The full-length genomic cDNA of FoMV was obtained by two-step overlapping PCR, and it 109 was inserted into the pSMV-NVEC plasmid at the StuI restriction enzyme cloning site (Wang et 110 al., 2006) . This construction placed transcription of the FoMV genome under control of the
111
Cauliflower mosaic virus 35S promoter (P35S) and the nopaline synthase terminator (Fig. 1 ).
112
Clones that had the correct insert size and orientation were biolistically inoculated onto sweet 113 corn (Golden x Bantam) to test their infectivity. One clone, designated pFoMV-IA, reproducibly 114 infected sweet corn, and so we sequenced this clone to obtain its complete genomic sequence.
115
Analysis of the 6.183 kb FoMV-IA cDNA sequence showed that it has the expected genome 116 organization based on comparison to previously published sequences ( Fig. 1) hypersensitive response to plant pathogens (Hu et al., 1998 Silencing iojap (ij) and brown midrib 3 (bm3) using the FoMV Vector
232
In addition to pds and les22, we targeted two other genes iojap (ij, and 233 brown midrib 3 (bm3, using the FoMV vector. Loss of function mutations in 234 ij result in variable white stripes and margin patterns on leaves promoter or a heterologous CP promoter from a related Potexvirus (Sablowski et al., 1995; 314 Lacomme and Chapman, 2008; . Utilizing a similar 315 strategy for CP promoter duplication in FoMV is complicated by the presence of ORF5A, which 316 overlaps with ORF4. However, a previous study suggests that ORF5A may be dispensable 317 , which could be beneficial for the promoter duplication strategy.
318
The PVX vectors with duplicated promoters frequently suffer partial or complete loss of 319 inserted sequences, especially when the insert size is large or the recombinant virus is passaged 320 . The CMV vector induces mild to moderate symptoms in maize lines 380 characterized by leaves displaying a mosaic of striping and mottling . So far, 381 we have observed FoMV infection in a sweet corn line and in 9 dent corn inbred lines and found 382 they develop no to mild viral symptoms (Figure 9 ). We have not observed stunted plant growth 383 in the lines we have tested, and we have not tested the effects of FoMV on seed germination.
384
Pds is a common target that was silenced using all three virus vector systems. When pds vector was seen in the first true leaves at 18 dpi, but the effect in other leaves in later 396 developmental stages was not shown 
MATERIALS AND METHODS
411
Plants, Virus Strains, and Inoculation
412
The FoMV isolate 139 used in this study was first isolated from foxtail growing in a Kansas 413 cornfield The first-strand cDNA product (2 µl) was used as template in two 100 µl PCR reactions for 
18
The previously generated cDNA was used for amplification of the C-terminal fragment of 459 the maize pds gene (GRMZM2G410515). PCR was performed using primer pair PDSVXb and 460 PDSVXh and the product was digested with XbaI and XhoI to insert it in the reverse orientation 461 into pFoMV-V to generate the pds silencing construct, pFoMV-PDS. Similarly, fragments of the 462 maize genes les22 (GRMZM2G044074), ij (GRMZM2G004583), and bm3 (AC196475.3_FG004) 463 were inserted between the XbaI and XhoI sites in pFoMV-V in a reverse orientation to produce 464 the pFoMV-Les22 and pFoMV-Ij constructs, respectively. The primers used are listed in Table 1 . to typical mosaic symptoms of the empty vector FoMV-V-infected plants ( Fig. 2A) The pds silencing effect is also observed in rub 
